The Parkes Multibeam Pulsar Survey has unlocked vast areas of the Galactic plane, which were previously invisible to earlier low-frequency and less-sensitive surveys. The survey has discovered more than 600 new pulsars so far, including many that are young and exotic. In this paper we report the discovery of 200 pulsars for which we present positional and spin-down parameters, dispersion measures, flux densities and pulse profiles. A large number of these new pulsars are young and energetic, and we review possible associations of γ -ray sources with the sample of about 1300 pulsars for which timing solutions are known. Based on a statistical analysis, we estimate that about 19 ± 6 associations are genuine. The survey has also discovered 12 pulsars with spin properties similar to those of the Vela pulsar, nearly doubling the known population of such neutron stars. Studying the properties of all known 'Vela-like' pulsars, we find their radio luminosities to be similar to normal pulsars, implying that they are very inefficient radio sources. Finally, we review the use of the newly discovered pulsars as Galactic probes and discuss the implications of the new NE2001 Galactic electron density model for the determination of pulsar distances and luminosities.
I N T RO D U C T I O N
We increase our understanding of pulsars by studying them as a population or by studying specific and/or exotic examples such as binary, millisecond, young or glitching pulsars. The Parkes Multibeam Pulsar Survey (hereafter PMPS) set out to find a large number of pulsars previously hidden from past surveys performed at low frequencies and/or with short integration times. Distant pulsars in the Galactic plane that were previously undetectable due to scattering and dispersion broadening of their signals propagating through the interstellar medium were expected to be found in large numbers. Among the new pulsars, a few exotic systems should be present, and E-mail: mkramer@jb.man.ac.uk the discovery of pulsars in remote parts of the Galaxy promised to provide a unique opportunity for population studies and the understanding of the Galaxy.
The PMPS has fulfilled all of these promises. It has found a large number of young (e.g. Camilo et al. 2000; D'Amico et al. 2001) , distant (this work), exotic Kaspi et al. 2000b; Camilo et al. 2001b; Stairs et al. 2001 ) and glitching pulsars (Hobbs et al. 2002) buried in the inner Galactic plane (|b| < 5
• , −100 • < l < 50
• ). All planned survey pointings have been completed and the first processing of the data has yielded more than 600 newly detected pulsars. Currently, reprocessing with refined software and an accelerated search is underway (Faulkner et al. 2003) . By the time reprocessing is completed, the PMPS will have roughly doubled the number of known pulsars and opened up vast portions of the Galaxy that were previously devoid of known pulsars. A detailed description of the survey including the motivation, telescope, hardware and software details, and the first 220 pulsars discovered were reported by Manchester et al. (2001) and Morris et al. (2002) , hereafter Paper I and Paper II, respectively. Many of the more exotic pulsars have been reported separately as noted above. All pulsars with known timing solutions can be found in the on-line catalogue hosted by the ATNF. 1 In summary, an operating frequency of 1374 MHz minimized the harmful effects of dispersion and scattering that inhibit lowerfrequency surveys of this region of the Galaxy. The survey has a limiting sensitivity of about 0.2 mJy (Paper I), far surpassing that of previous wide-area pulsar surveys. This has been made possible by the 13-beam receiver system (Staveley-Smith et al. 1996) , which enables this area of sky to be covered in a manageable time.
In Section 2 we report the discovery of 200 new pulsars and catalogue many of their basic parameters obtained after, at least, 1 year of timing observations. We then review in Section 3 the sample of young pulsars, including the large number discovered in this survey. We study their possible associations with γ -ray sources (Section 3.1), using distance estimates of the new 'NE2001' Galactic electron density model (Cordes & Lazio 2002) . We then summarize the properties of 'Vela-like' pulsars (Section 3.2), before we comment on the implications of the NE2001 model for the Galactic distribution of pulsars (Section 4).
D I S C OV E RY A N D T I M I N G O F 0 0 P U L S A R S
The observation and analysis strategies used are identical to those outlined in Papers I and II. Table 1 lists the pulsar name, the J2000 right ascension and declination from the timing solution, the corresponding Galactic coordinates, the beam in which the pulsar was detected, the radial distance of the pulsar from the beam centre in units of the beam radius (approximately 7 arcmin), the signal-tonoise ratio of the discovery observation from the final time-domain folding in the search process, the mean flux density averaged over all observations included in the timing solution, and pulse widths at 50 and 10 per cent of the peak of the mean pulse profile. The 10 per cent width is not measurable for pulsars with mean profiles having poor signal-to-noise ratio. Estimated uncertainties, where relevant, are given in parentheses where relevant and refer to the last quoted digit. Flux densities may be somewhat overestimated for very weak pulsars or those that have extended null periods, since non-detections are not included in the timing solution. Table 2 gives solar-system barycentric pulse periods, period derivatives, epoch of the period, the number of times of arrival (TOAs) used in the timing solution, the final rms timing residual and the dispersion measure (DM).
For a few pulsars, the timing solutions include data obtained with the 76-m Lovell telescope at Jodrell Bank Observatory. Details of these observations can be found in Paper II. Corresponding sources are marked in Table 1 . The table also includes one binary pulsar, PSR J1141−6545. Binary parameters can be found in Kaspi et al. (2000b) . Three pulsars, PSRs J1301−6310, J1702−4128 and J1702−4310, showed significant timing noise which was removed, to first order, by fitting a second period derivative to the data. These pulsars are indicated in Table 2 . Table 3 lists derived parameters for the 200 pulsars. After the name, the first three columns give the base-10 logarithm of the 1 http://www.atnf.csiro.au/research/pulsar/catalogue/ characteristic age, τ c = P/(2Ṗ) in years, the surface dipole magnetic field strength, B s = 3.2 × 10 19 (PṖ) 1/2 in gauss and the rate of loss of rotational energy,Ė = 4π 2 IṖ P −3 in erg s −1 , where a neutron-star moment of inertia I = 10 45 g cm 2 is assumed. The next two columns give the pulsar distance d, computed from the DM assuming the Taylor & Cordes (1993, hereafter TC93) model for the Galactic distribution of free electrons and the implied Galactic z distance. Although distances are quoted to 0.1 kpc, in fact they are generally more uncertain than that (typically around 30 per cent) owing to uncertainties in the electron density model. This is especially so for pulsars with very large DMs, indicating large distances from the Sun. Despite the availability of the improved NE2001 model, we use the TC93 model in order to be consistent with Papers I and II where the previous model has been employed. We discuss the uncertainties of the TC93 distances and the difference of both models in more detail in Section 4, when we compare the TC93 values with those inferred from the new NE2001 model.
We use the TC93-model distance to compute the listed radio luminosity, L 1400 ≡ S 1400 d 2 . For a radio spectral index of −1.7 (Maron et al. 2000) , these numbers may be converted to the more commonly quoted 400-MHz luminosity by multiplying by 8.4. The majority of all presented measured and derived parameters have already been included in the statistical analyses presented in Paper II.
Mean pulse profiles at 1374 MHz for the 200 pulsars are given in Fig. 1 . These profiles were formed by adding all data used for the timing solution. Typically they contain several hours of effective integration time.
YO U N G P U L S A R S
One of the main aims of the PMPS was to find young pulsars. Here we define 'young pulsars' as those with a characteristic age less than 100 kyr. This age is commonly chosen as a cut-off as it includes most pulsars that are likely to glitch often and/or to be associated with supernova remnants (SNRs) .
As already demonstrated in Paper II, the strategy of searching the region close to the Galactic plane at high frequencies has indeed been very successful in finding young pulsars: the survey has discovered 39 out of 79 currently known pulsars with τ c 100 kyr.
This newly increased sample of young pulsars is important in studies of the birth properties of radio pulsars, such as the initial spin period, their luminosity, and the kick velocity imparted by asymmetric supernova explosions. Young pulsars also provide a possible origin for many of the previously unidentified point sources detected by the Energetic Gamma Ray Experiment Telescope (EGRET) as has been addressed by many authors (e.g. Merck et al. 1996) . A distinct group of young pulsars is that of energetic objects with spin parameters similar to Vela, which may be more typical of the young pulsar population than the Crab pulsar which is unique in several aspects. In the following, we will review the current sample of potential EGRET counterparts and such Vela-like pulsars.
Pulsar/EGRET source associations
The true nature of the 100 or so unidentified EGRET sources in the Galactic plane has been debated for some time (e.g. Hartman et al. 1999) . Pulsars are good candidates because they have a similar spatial distribution and are one of the only two populations of astronomical objects positively identified as being γ -ray emitters, as demonstrated clearly by the Crab and the Vela pulsars. A few recently discovered young pulsars (see below) discovered in this survey have already been plausibly associated with EGRET sources D'Amico et al. 2001; Torres, Butt & Camilo 2001 ). Here we comment on further possible pulsar γ -rays counterparts and discuss how many of the positional coincidences may be genuine rather than due to chance alignments. In Table 4 we list all pulsar/EGRET point source positional associations, where the pulsar position deviates from the nominal EGRET source position by less than the 95 per cent error box radius, i.e.
/θ 95 1, where is the difference in the two positions. We list all EGRET point sources including those already identified as pulsars (ID = P), galaxies (ID = G) and active galactic nuclei (ID = A). As a result of the large number of newly discovered pulsars in the Galactic plane, often several pulsars lie in the same error box. For EGRET sources that have not been identified previously (ID = ?), we can attempt to judge the likelihood of the individual possible associations by comparing the properties of the γ -ray source and the corresponding pulsar(s).
For the EGRET sources, we summarize their characteristics as listed in the 3EG catalogue (Hartman et al. 1999) . Besides the error box size, θ 95 , we list a computed γ -ray flux,F (E > 100 MeV). We have used the flux values as derived by Hartman et al. in units of 10 −8 photon s −1 cm −2 , assuming a spectral index of 2.0, to derive values in units of erg s −1 cm −2 , where we followed the calculations by D' Amico et al. (2001) .
It has been shown for the known genuine pulsar/EGRET source associations that pulsars are steady γ -ray sources (e.g. McLaughlin et al. 1996) . Therefore, we also quote for all EGRET sources in Table 4 a variability index, V, as defined by McLaughlin et al. (1996) . Values for V are taken from an updated list presented by McLaughlin (2001) and are typically found to be <1 for pulsars.
For each EGRET source we list the possible pulsar counterpart(s). Pulsar/EGRET source pairs that have been proposed in the literature previously are listed with corresponding references. Plausible associations involving pulsars discovered in the PMPS are discussed in more detail later. All such multibeam pulsars have been published separately, in this work, or in Papers I or II. A few newly discovered pulsars listed here will soon be presented with all parameters in a forthcoming paper (Paper IV, in preparation).
In order to assess the likelihood of an association to be genuine, one has to compare the γ -ray luminosity, L γ , to the spin-down luminosity,Ė, of the pulsar. Typically, this efficiency, η ≡ L γ /Ė, is assumed to lie in a range from 0.01 to about 20 per cent (e.g. Torres et al. 2001) . Deriving these numbers requires conversion of the γ -ray flux measured by EGRET,F, into the luminosity, L γ . This is a nontrivial task, however, as the beaming fraction, f , for the high-energy emission is unknown. One typically assumes a beaming fraction of 1 sr, i.e. f = 1/4π (cf. Torres et al. 2001) .
In order to derive the γ -ray luminosity, one must also use a distance estimate, which is usually based on the dispersion measure. As some pulsar distances derived from the dispersion measure differ significantly when applying the new NE2001 electron density model rather than the previously used TC93 model, we quote distances derived from both models for comparison. For instance, the distance for PSR J0218+4232 is reduced from 5.9 kpc (TC93) to only 2.9 kpc (NE2001), making it a more average γ -ray pulsar in terms ofĖ/d 2 and efficiency, although it remains the only millisecond pulsar detected at γ -ray energies. Similarly, for PSR B1055−52 the new NE2001 distance estimate is much smaller than the TC93 one, resulting in a decrease of the efficiency from 18.4 to 4.1 per cent. This dramatic change has important implications for the discussions of genuine EGRET source/pulsar pairs as it was basically PSR B1055−52 that in the past had set the upper limit for the efficiency range assumed to be possible, i.e. η 20 per cent. The much reduced value for this pulsar may now imply that real associations should also accommodate much lower values for η. In Table 2 . Periods, period derivatives and dispersion measures for 200 pulsars discovered in the Parkes Multibeam Pulsar Survey. We also give the MJD of the epoch used for period determination, the number of TOAs included and the MJD range covered, as well as the rms of the post-fit timing residuals. Asterisks indicate those pulsars which exhibit significant timing noise that has been removed, to first order, by the fitting of a period second derivative. B binary pulsar, see Kaspi et al. (2000b) for binary parameters.
the following, we will consider this during our discussions, basing all of our values such as efficiencies, etc., on distances derived from the NE2001 model. One can also consider the pulsar distances that would be needed for the γ -ray luminosity to be consistent with a typically observed efficiency, 0.01 η f =1/4π 20 per cent. Comparing these distances with an electron density model distance is useful, as it allows one to judge whether the uncertainties in the DM distance could accommodate for such variations. Similarly, one can assume beaming fractions different from f = 1/4π to further explore the possibility of a genuine association.
Considering criteria such as the source separation, variability index, characteristic age, efficiency and distances, we finally derive a 'quality indicator', Q, for a proposed association. A '+' indicates a genuine or very likely association, while a '−' implies that the apparent association is almost certainly due to a chance alignment. Pairings marked with '+?' are plausible associations, while for '?' an association cannot be ruled out, but more sensitive instruments such as the Gamma-Ray Large Area Telescope (GLAST) are needed to study it further.
Parkes multibeam pulsars
The first entry of a PMPS pulsar in Table 4 lists a positional coincidence with 3EG J1013−5915. argued that PSR J1016−5857 is a plausible counterpart to that source and is possibly also associated with the SNR G284.4−1.8. Table 4 also shows that there are two more pulsars positionally coincident with the same EGRET source, but these are not likely to be physically related.
Two more EGRET sources potentially associated with PMPS pulsars have already been discussed in the literature. D' Amico et al. (2001) reported the discovery of PSR J1420−6048 and J1837−0604 and discussed a possible association with the two EGRET sources 3EG J1420−6038 and J1837−0606, both of which have a variability index consistent with known γ -ray pulsars. The first source has only one pulsar in its error box, PSR J1420−6048, and is likely to be associated with it as the characteristic age of the pulsar and the derived efficiency of η f =1/4π = 1 per cent are approximately as expected for a γ -ray pulsar. Moreover, in a multiwavelength study, Roberts, Romani & Johnston (2001) presented pulsed X-ray data and discussed a possible relationship to SNR G313.6+0.3. These observations also suggest a smaller distance than that from the TC93 model, consistent with the NE2001 model distance.
The EGRET source 3EG J1837−0606 has two pulsars located in its error box, but only the spin-down luminosity of PSR J1837−0604 presented by D'Amico et al. (2001) is sufficient to explain the highenergy emission. With a nominal efficiency of 7 per cent, which is typical, this pulsar is likely to be a genuine counterpart. The other pulsar, J1837−0559, would require an unreasonably high efficiency, even when taking uncertainties in distance and beaming fraction estimates into account. This paper reports the discovery of the 140-ms PMPS pulsar J1015−5719. As already discussed by Torres et al. (2001) using data made available prior to publication, this pulsar appears to be a plausible counterpart to the non-variable EGRET source 3EG J1014−5705. The computed γ -ray efficiency is consistent with values for γ -ray pulsars, i.e. η f =1/4π = 7.5 per cent. The PMPS pulsar J1314−6101 is located on the edge of the error box of 3EG J1308−6112. Its DM distance of 9.6 kpc as derived by the Taylor & Cordes (1993) model is reduced to 6.1 kpc in the NE2001 model. Nevertheless, the observed spin-down luminosity is so small that the pulsar needs to be at a distance of only 50 pc to have a γ -ray efficiency of even 20 per cent. In fact, the very large variability index of V = 4.61 rules out almost certainly an identification of this EGRET source with a γ -ray pulsar at all. Sturner & Dermer (1995) proposed that 3EG J1410−6147 may be associated with SNR G312.4−0.4. The variability index of this EGRET source is consistent with observed pulsar properties, and indeed, there are two PMPS pulsars located in the 95 per cent error box of the source (see Table 4 and Manchester et al. 2002) . Both pulsars have also been considered by Torres et al. (2001) and more recently also by Doherty et al. (2003) . PSR J1412−6145 could only be consistent with the EGRET source if the distance or the beaming fraction were severely overestimated. An error in distance by a factor of 4 or so would make an association barely acceptable, but even in the improved NE2001 model the distance is only reduced from 9.3 to 7.8 kpc. A more plausible counterpart seems to be PSR J1413−6141, the discovery of which is reported in this paper with a very young characteristic age of only 14 kyr. Manchester et al. (2002) also discussed a suggestive relationship of this pulsar with SNR G312.4−0.4. Doherty et al. (2003) recently addressed this question in a detailed multiwavelength study. They argue that it was PSR J1412−6145 that was formed in the explosion creating SNR G312−0.4, while none of the two pulsars is related to the EGRET source. Indeed, the NE2001 distance needs to be overestimated, to make PSR J1413−6141 a plausible counterpart to 3EG J1410−6147. More sensitive gamma-ray observations are needed to settle this question.
The error box of 3EG J1639−4702 contains a total of five known pulsars. The discoveries and timing parameters for three of them, PSRs J1637−4642, J1637−4721 and J1640−4648, are presented in this work. Only PSR J1637−4642 has a spin-down luminosity consistent with the EGRET flux density, making it a possible counterpart. This source would have a γ -ray efficiency of about η ∼ 15 per cent at its NE2001 distance. We note that the variability index would be somewhat high for 3EG J1639−4702 to be a γ -ray pulsar. A fifth, relatively young PMPS pulsar has been discovered in the same error box and appears to be closest to the nominal EGRET position. Named according to the current, preliminary timing solution, PSR J1638−4715, however, exhibits parameters that seem to exclude its identification as a gamma-ray pulsar.
Two new pulsars presented in this paper, PSRs J1713−3844 and J1715−3903, both reside in the error box of 3EG J1714−3857. The latter pulsar is a possible counterpart but only if its DM distance is overestimated by a factor of 2-3. However, the new NE2001 distance estimate agrees well with the previous TC93 value. Interestingly, PSR J1713−3844 is also located close to SNR G347.3−0.5 for which a distance of ∼6 kpc is estimated (Slane et al. 1999 ). This distance is very close to the estimated pulsar distance but is too large to make the pulsar simultaneously associated with the EGRET source. The SNR harbours a compact central source detected in the X-ray range, the position of which is not consistent with any of the PMPS pulsars. Recently, in a targeted search Crawford et al. (2002) discovered a weak 392-ms radio pulsar, PSR J1713−3949, which was initially considered to be a possible counterpart. The current Sturner & Dermer (1995) suggested that the EGRET source 3EG J1903+0550 is associated with SNR G40.5−0.5 (W44). Its error box contains four pulsars, three of which are multibeam discoveries, namely PSRs J1903+0609, J1905+0603 and J1905+0616. None Table 4 . EGRET point sources as listed in the 3EG catalogue (Hartman et al. 1999 ) and radio pulsars positionally coincident with their error boxes. We list the EGRET source name (column 1), and its identification as listed in the catalogue (column 2). Assuming a spectral index of 2, a flux valueF(E > 100 MeV) in units of erg s −1 cm −2 is derived (column 3). A variability index, V, has been taken from McLaughlin (2001) (column 4), and the size of the 95 per cent error-box is quoted (column 5). Each EGRET point source is listed with pulsars (column 6) where the relative positional difference (column 7) is less than or equal to the size of the error-box. We also list those sources for which associations have been proposed in the literature. We quote the Taylor & Cordes (1993) Large, Vaughan & Mills (1968 ), 7. Johnston et al. (1992 ), 8. Camilo et al. (2001a ), 9. Torres et al. (2001 ), 10. Kaspi et al. (2000a ), 11. Fierro et al. (1993 ), 12. Kaspi et al. (1996 , 13. Kaspi et al. (1997 ), 14. Manchester et al. (2002 ), 15. D'Amico et al. (2001 , 16. Thompson et al. (1992 ), 17. Edwards et al. (2001 ), 18. Edwards & Bailes (2001 ), 19. Clifton et al. (1992 ), 20. Merck et al. (1996 ), 21. Wolszczan, Cordes & Dewey (1991 ), 22. Hulse & Taylor (1974 ), 23. Roberts et al. (2002 ), 24. Halpern et al. (2001 .
of the four pulsars has sufficient spin-down luminosity to explain an association with the EGRET source. Table 4 shows that the known population of pulsars includes about 48 pulsars that have positional coincidence with EGRET error boxes. Of these, we believe that 16 pulsar/EGRET pairs are genuine or plausible associations. Note that this number does not include Geminga and PSR B1951+32, which were not listed in Table 4 . Geminga does not appear to be a normal radio pulsar (Kuzmin & Losovskii 1997; Malofeev & Malov 1997; McLaughlin et al. 1999) , while PSR B1951+32 is probably detected in EGRET data but not associated with an EGRET point source (Ramanamurthy et al. 1995) . Most of the suggestive associations can only be confirmed when more sensitive instruments such as GLAST become available to detect pulsed emission consistent with the radio pulsar period. The number of radio pulsars detectable at high energies impacts the understanding of the magnetospheric emission processes. Many authors therefore have attempted to model the small-number statistics of the genuine EGRET detections (e.g. McLaughlin & Cordes 2000; Zhang, Zhang & Cheng 2000; Gonthier et al. 2002) . These results are also used to forecast the number of γ -ray pulsars to be detected by GLAST. In the following we will try to answer the question of how many pulsar/EGRET source pairs are likely to occur by chance in the presently known catalogues, in a much simpler manner. This more model-free approach follows the procedure used by Lorimer, Lyne & Camilo (1998) to study the chance alignment of pulsar/supernova remnant pairs.
Pair statistics
We study the normalized deviation of a pulsar from a given EGRET position, δ ≡ /θ 95 , by deriving the distribution of δ that occurs by chance and comparing this directly with the observed distribution. For completely unrelated sets of pulsars and EGRET sources, the number of pairs occupying an annulus between δ and δ + dδ is proportional to δ, regardless of the relative densities of pulsars and EGRET sources over the plane of the sky (see Lorimer et al. 1998 ). One can demonstrate this by applying systematic shifts to the positions of all known pulsars before recalculating the new resulting distribution of δ from this shifted population, which will produce different by-chance alignments. We follow the example of Lorimer et al. and perform this decoupling of pulsar and EGRET samples for systematic shifts of ±4
• and ±8
• in Galactic longitude. Note that shifts in Galactic longitude are chosen to avoid biases in the simulated samples due to the Galactic nature of radio and γ -ray pulsars. These shifts are small compared with changes in the density of both types of objects in the sky, but much larger than the typical error box of an EGRET point source. We plot the resulting distribution of the shifted sample as well as the observed distribution in Fig. 2 . The distribution for the shifted sample shows the expected linear increase with position deviation as indicated by the solid line.
Inspecting Fig. 2 we note that there is an excess of observed pairs for δ 1. The observed pulsar sample produces 50 pairs positionally coincident with EGRET sources (including now Geminga and PSR B1951+32), while the fake shifted sample produces only 31 ± 6 pairs. Hence we have an excess of 19 ± 6 possible associations. This is larger than the number of fully established associations, but consistent with our derived number of 16 associations that we classified as '+', '+?' or '?' in Table 4 .
We can consider this result as a good indication that many of the proposed but not yet fully established associations may indeed be real. This view is supported by inspecting the median characteristic age andĖ/d 2 for pairs in a given δ-interval: the pairs for δ 1 are much younger and have much larger spin-down fluxes (see Fig. 2 middle and bottom). Interestingly, inspecting the numbers derived to produce this Fig. 2 , this trend continues, albeit with a much smaller difference in values, even for δ somewhat larger than unity. One can speculate as to whether this indicates a physical relationship between EGRET point sources and pulsars that lie just outside the nominal 95 per cent error box. Just such an example is the aforementioned PSR B1823−13. However, even when excluding this source from calculating the medianĖ/d 2 , the resulting value is still significantly larger than that for larger δ or the shifted sample.
The results of our simple statistical analysis agree well with the conclusions of more complicated studies such as that of McLaughlin & Cordes (2000) . Based on a likelihood analysis, they argued that about 20 unidentified EGRET sources are probably γ -ray pulsars. This estimate of 20 sources includes radio-quiet sources of Geminga type, of which a second one may have been identified (see Halpern et al. 2002) . The similarity to our estimate of 19 ± 6 genuine associations with EGRET sources is therefore intriguing, even though the involved uncertainties are considerable.
In any case, it is certain that many more γ -ray pulsars will be detected with GLAST, and McLaughlin & Cordes, for instance, estimate up to 750 sources. While we can argue here only on statistical grounds, we can nevertheless expect that a number of those new radio pulsar/GLAST source associations will, in retrospect, also be found in the older EGRET/pulsar data. Table 5 . Young pulsars with spin parameters similar to the Vela pulsar. All sources selected have ages 10 τ c 100 kyr and spin-down luminosities ofĖ 10 36 ergs 1 . Pulsars marked with G are known to exhibit glitches, while sources labelled with E are or may be associated with EGRET point sources.
Vela-like pulsars
The archetypal young, energetic pulsar is PSR B0833−45 in the Vela supernova remnant. A number of other young pulsars share many properties with Vela, such as having detectable X-ray or γ -ray emission, being associated with pulsar wind nebulae, or being known to exhibit instabilities in their rotation ('glitches'). The PMPS has uncovered 12 more such Vela-like pulsars, which we will loosely define as sources with characteristic ages in the range 10 τ c 100 kyr and spin-down luminositiesĖ 10 36 erg s −1 . The new sources almost double the number of known Vela-like pulsars, increasing it to a total of 26. All 26 sources are listed in Table 5 where we also quote corresponding references and indicate which pulsars are known to glitch. Glitch information is obtained from the work by Shemar & Lyne (1996) , Camilo et al. (2000) and Wang et al. (2000) and references therein. As indicated, nine of these pulsars already appeared in Table 4 as genuinely or possibly related to EGRET point sources.
Radio continuum maps have been obtained and/or studied for a number of PMPS pulsars in Table 5 . Crawford (2000) by a pulsar wind nebula that was studied in detail by Roberts et al. (1999 Roberts et al. ( , 2001 . Manchester et al. (2002) used ATCA data and maps from the Molongo Galactic Plane Survey to search for supernova remnants associated with PMPS pulsars. Further results will be published elsewhere. Using the radio luminosity at 1400 MHz, L 1400 , Camilo et al. (2002b) pointed out that young pulsars (τ c 100 kyr) are not particularly luminous by comparison with middle aged pulsars. We can also demonstrate this for the smaller sample of Vela-like pulsars as shown in Fig. 3 . While Vela-like pulsars have a median log L 1400 of 1.5, normal pulsars (here defined as being non-Vela-like and nonrecycled pulsars) exhibit a median of 1.4. In contrast, recycled or millisecond pulsars appear to be less luminous (median 0.4), although this is to some extent due to selection effects as discussed in detail by Kramer et al. (1998) .
We can also define an efficiency as a radio emitter by comparing radio luminosity to the spin-down luminosity, 1400 ≡ L 1400 /Ė10 −30 Jy kpc 2 erg −1 s. Obviously, since the radio luminosities are very similar for Vela-like pulsars compared with normal pulsars, whileĖ is much larger, it is clear that Vela-like pulsars must be much less efficient radio pulsars. Indeed, as demonstrated in Fig. 4 , the medians measured for the three distributions in log 1400 are −4.8 for Vela-like pulsars, −1.3 for normal pulsars and −3.2 for millisecond pulsars, respectively. The result for millisecond pulsars has already been discussed by Kramer et al. (1998) , whilst that for Vela-like pulsars clearly demonstrates that spin-down and radio luminosities are not correlated for non-recycled pulsars. It is interesting to note that when computing the log median efficiency for energetic pulsars withĖ 10 36 ergs −1 but ages larger or smaller than adopted for Vela-like pulsars, log 1400 is even lower with median −5.8. However, this latter sample contains both millisecond pulsars and very young pulsars such as the Crab.
The computed radio efficiency effectively assumes that all pulsars beam into the same solid angle. Manchester (1996) argued that young pulsars exhibit wider beams, which may lead to an underes- timation of the efficiency for Vela-like pulsars. We estimate that this might account for a factor of 10-100, but it appears unlikely that it explains for the full difference in the efficiency to normal pulsars. We therefore conclude that this much enlarged sample of young energetic Vela-like pulsars clearly demonstrates that such pulsars lose more energy outside the radio band than normal pulsars, and that radio luminosity does not increase with larger available spin-down luminosity. Instead, it is possible that some saturation process is operating. We also note that apart from possible correlations with age, we have also tested for possible dependences of efficiency and luminosity on period, magnetic field at surface and light cylinder, as well as an accelerating potential above the polar caps. No correlation has been found.
P U L S A R S A S G A L AC T I C P RO B E S
Pulsars are superb objects with which to probe the Galactic structure. In particular, the pulsars discovered in the PMPS probe large distances and Galactic lines of sight, which had largely not been accessible previously. For the first time, the spiral arm structure becomes clearly visible when studying the distribution of pulsars along Galactic longitudes. In order to demonstrate this, we consider pulsars with a characteristic age of less than 1 Myr. These pulsars are young enough to be found close to their birthplace, even with a mean velocity of about 450 km s −1 (Lyne & Lorimer 1994) . In order to restrict ourselves to pulsars in the Galactic disc, we only show pulsars with Galactic latitude |b| 20
• in Fig. 5 . The Galactic longitudes where our lines of sight become tangents to Galactic spiral arms as given by Georgelin & Georgelin (1976) (see also Cordes & Lazio 2002) are indicated and largely can be associated with individual peaks in the number distributions. Interestingly, the Galactic longitude interval 0
• does not contain any pulsar with a determined characteristic age of less than 1 Myr. Whilst there are newly discovered pulsars in this interval for which the spin-down properties still have to be determined, the known pulsars have ages larger than 1 Myr. In contrast, there are 15 pulsars with ages less than 1 Myr in the interval 356
• . The general dip in the distribution found around the Galactic Centre can in part be attributed to selection effects, i.e. enhanced scatter broadening, preventing the discovery of fast rotating pulsars in the innermost Galaxy for frequencies below about 5 GHz (see Cordes & Lazio 1997; Kramer et al. 2000) . On-going population synthesis studies will investigate this effect further and results will be presented elsewhere.
We can expect that this structure in the number density should also be reflected in the observed dispersion measure distribution. In Fig. 5 we show the maximum and mean dispersion measure of all pulsars with |b| 20
• . Indeed, individual spiral arms can be easily identified.
The dispersion measures of the newly discovered pulsars, as well as future measurements of scatter broadening times, obviously provide extremely valuable input to any modelling of the Galactic free electron density distribution. Despite the limitation of the survey to Galactic latitudes of |b| 5
• , it also contributes significantly to studies of the scaleheight of the electron density above the Galactic plane, as we demonstrate in Fig. 6 .
In the simplest model, we can describe the free electron distribution in a thin-slab model, with a constant electron density, n e , and a height of ±H above and below the Galactic plane. It is then easy to show that the maximum possible dispersion measure along a Galactic latitude b, is given by DM max = n e H /sin b. The envelope describing the data shown in Fig. 6 is given by DM max = 18/sin |b| cm −3 pc, hence, n e H ∼ 18 cm −3 pc. With a canonical electron density of n e ∼ 0.03 cm −3 , we obtain a scaleheight of 600 pc. Obviously, in realistic models the electron density depends on the Galactocentric radius and z-height above and below the Galactic plane, This is the case for both the TC93 and NE2001 models, which use an 'outer thick component' deriving scaleheights of about 1 kpc.
Besides revealing the large-scale structure of the Milky Way, models of the free electron distribution are important in determining distance estimates for pulsars. A distance is derived by integrating the electron density in a given model along the line of sight towards the pulsar until the dispersion measure is reached. Such dispersion measure distances based on the TC93 electron density model are quoted in Table 3 , consistent with Papers I and II. They were particularly important in Section 3.1, where we also used distances derived from the new NE2001 model as shown in Table 4 . A reliable conversion from dispersion measure to distance and vice versa is therefore highly desirable.
The NE2001 model already incorporates a large number of dispersion measures from multibeam pulsars, so that with the new model fitting procedure developed by Cordes & Lazio (2002) , we can expect a significant improvement of the model, in particular for distant pulsars. This is indeed the case, as we demonstrate in the following. The location of all known pulsars in the Galactic plane as derived from the TC93 model is shown in Fig. 7 , whereas we applied the NE2001 model in Fig. 8 . Newly discovered pulsars in the PMPS are marked as open diamonds. Once more, only pulsars with a Galactic latitude |b| 20
• are shown. The spiral arms in these figures are those used by Cordes & Lazio (2002) and are based on the model by Georgelin & Georgelin (1976) , which was also used by Taylor & Cordes (1993) . We point out that the apparent location of most pulsars along spiral arms has to be viewed with care since both TC93 and NE2001 incorporate explicitly this model of the spiral arm structure of the Galaxy, shapes and locations of which are derived from radio and optical observations. However, as pointed out by Taylor & Cordes (1993) and Cordes & Lazio (2002) , and is clear from Fig. 5 , the data make an inclusion of a spiral structure mandatory.
Limitations of the TC93 model are immediately visible from Fig. 7 since a number of pulsars are located far outside the Galaxy, in particular along a semicircle with a radius of 30 kpc around the Sun. This artefact is caused by terminating the integration along the line of sight at that distance. The electron density is obviously underestimated towards these directions in the TC93 model. In contrast, the NE2001 model improves on the distribution significantly, also causing the 30-kpc circle to disappear. This goes along with a general decrease of pulsar distances, sometimes to a large extent as mentioned in Section 3.1. A similar effect is seen in changes for the computed z-height above or below the Galactic plane. Figs 9 and 10 shows the magnitude of zheight computed from the TC93 and NE2001 models, respectively, as a function of the derived DM distance. Again, we restrict the sample shown to pulsars with |b| 20
• . As before, the TC93 model runs out of electrons before the integration stops, producing artefacts in the resulting distribution. In stark contrast, the NE2001 model pulls the pulsars much closer towards the Sun and therefore also closer to the plane. There seems to be a paucity of pulsars in a region of large distances and large z-heights. We consider it unlikely that this can be attributed to a simple selection effect. In both cases, the vast majority of distant pulsars has been found in the PMPS. In spite of searching only latitudes of |b| 5
• , this corresponds to a |z|-height of 1.3 kpc in 15-kpc distance and 2.6 kpc in 30-kpc distance, hence covering this area in principle.
A viable test for every electron density model is to check the existence of an (artificial) dependence of the computed z-height on the estimated distance. We make this test by computing the median of the absolute z-height in 2-kpc intervals for distances below The pulsars lying along a line of constant z-height and distance indicate an artefact in the model. Filled diamonds represent medians computed in 2-kpc intervals for distances below 10 kpc, and in 10-kpc intervals for larger distances, respectively. The error bars shown are obtained from the following reasoning: the median divides a sample of n pulsars, located in a given 2-kpc interval and sorted according to their |z|-height, into subsets of n/2 pulsars with |z|-values larger and smaller than the median, respectively, i.e. |z| median = |z| n/2 . We therefore estimate an uncertainty of ± √ n/2 for the number of pulsars in each n/2-subset. The error bars are then determined as the differences in |z|-height of the median and the ( √ n/2)th element (counted from the median) in each subset. 10 kpc, and in 10-kpc intervals for distances beyond. These medians are shown as filled diamonds in Figs 9 and 10, centred on the corresponding intervals. Note that we choose the median rather than the mean to account for the demonstrated artefacts produced by the TC93 model. The values for the TC93 model remain essentially constant up to 10 kpc. Beyond that distance, the small-number statistics results in large fluctuations with an apparent increase in the medians. In the NE2001 model, the pulsars are significantly closer to the disc, and a slight trend is visible in the medians to decrease with distance.
In summary, the PMPS pulsars presented here and the associated papers provide an excellent tool for studying the structure of the Milky Way. The improved understanding of this structure feeds back into our understanding of pulsars. When, for instance, the distance of pulsars located in far Galactic regions identified above becomes more reliable, we can learn more concerning the luminosity of the pulsars, their distribution in the Milky Way and ultimately their population as a whole.
S U M M A RY A N D C O N C L U S I O N S
We have presented the parameters and pulse profiles for 200 pulsars newly discovered in the Parkes Multibeam Pulsar Survey. We paid particular attention to young pulsars for which we review the situation of possible associations with EGRET point sources. In a statistical analysis we showed that a number of new associations emerging from the Parkes Multibeam Pulsar Survey are likely to be genuine. We summarized the properties of the sample of Vela-like pulsars, of which many new examples are presented in this paper. We found that Vela-like pulsars are less efficient radio emitters than normal pulsars as their radio luminosity does not scale with the available spin-down luminosity. Finally, we demonstrated that the many new discoveries of distant pulsars in the Galactic plane help to significantly improve the model of the free electron distribution. For the first time, the spiral structure of the Galaxy is directly visible in the number distribution of pulsars along Galactic longitude.
In coming years we can expect further follow-up studies and investigations based on this unique sample of new pulsars.
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